The purpose of this study was to investigate changes of gait pattern, muscle activity, and perceived comfort in response to variations of height-elevating insoles (HEIs) in young adults. The subjects of this study were 30 young adults who voluntarily consented to participate in this experiment after listening to its purpose and method. They were divided into 3 groups who wore HEIs height (0, 3, and 7 cm). Each group consisted of 10 young adults and wore the HEIs for 4 hr a day. Electromyographic signals were collected from the tibialis anterior, the gastrocnemius, the hamstring, and the right and the left erector spinae (ES) before and after walking with the HEI. Gait pattern was measured before and after walking with the HEI. Perceived comfort was measured after a subject wore the insoles for 4 hr. The activities of ES showed significant differences among the three groups. The activity of the left ES was significantly different between groups 1 (0 cm) and 2 (3 cm) and groups 1 and 3 (7 cm). The activity of the right ES was significantly different between groups 1 and 3. The left stride length and the left step length showed significant differences between groups 1 and 3. Perceived comfort was significantly different among the three groups. As the HEIs increased, the activities of ES were gradually increased and the left step length and stride were decreased. Using of higher HEIs over 4 hr may be occurred excessive activities of the ES, abnormal gait patterns, and perceived discomfort.
INTRODUCTION
Walking, an activity that lets the body move without losing stability and balance, is essential for living an independent life. Walking is affected by a wide variety of factors, including heel height, heel size, and the shape of the insole and outsole (Kim, 2008; Lee and Hong, 2005; Lin et al., 2013) . Shoes are produced with a focus on activity and functionality for gait, and yet many women tend to wear high-heeled shoes to look more beautiful and attractive. It has been reported that 37% to 69% of the total female population may choose to wear high heels on a daily basis (American Podiatric Medical Association, 2003; Frey et al., 1993) . However, a number of problems are caused by wearing high heels.
Wearing high heels excessively increases the activity of the muscles around the ankles, such as the soleus, the tibialis anterior (TA), the gastrocnemius (GN), and the peroneus longus (Cronin et al., 2012; Simonsen et al., 2012; Stefanyshyn et al., 2000) . These extended muscular activities can contribute to inefficient energy consumption, as well as an increase in the likelihood of fatigue (Ebbeling et al., 1994) . In particular, the peroneus longus and the lateral fiber of the GN are more vulnerable to fatigue than those of other muscles (Gefen et al., 2002) . Fatigue in these two muscles may decrease the amount of frictional force against the ground, increasing the risk of slips or falls (Hyun et al., 2016) .
Wearing the high heels for walking generate force spikes at the initial contact with ground and the force is then transmitted up to the skeleton as a "shock wave" (Voloshin and Loy, 1994) , which may cause degenerative joint damage and low back pain (LBP) (Kerrigan et al., 1998) . As heel height increases, the lumbar flexion angle decreases, resulting in unstable posture and additional compressive forces on the lumbar spine (Lee et al., 2001) . These mechanisms can cause LBP by increasing fatigue in the muscles around the lumbar spine (Hyun and Kim, 1997) .
To avoid the negative effects caused by wearing high heels, an increasing number of women are wearing shoes equipped with height-elevating insoles (HEIs) rather than high heels, while some men also use HEIs in shoes to appear taller. This trend has attracted consistent interest and research into the usage and effects of HEIs. Stolwijk et al. (2011) investigated changes in plantar pressure depending on the presence or absence of insoles among 204 subjects complaining of foot discomfort; Lin et al. (2013) demonstrated the windlass effect based on insole design; and other studies have established the postural stability or the muscular activities of the lower limbs according to the types and materials of insoles (Hamlyn et al., 2012; Hatton et al., 2009) .
Although studies on insoles have been on the increase, few studies have determined changes in bodies according to HEIs heights. Therefore, this study was to investigate changes of gait pattern, muscle activity, and perceived comfort in response to variations of HEIs in young adults.
MATERIALS AND METHODS

Subjects
The subjects of this study were 30 healthy adults (21 male and 9 female subjects), who voluntarily participated in this study after being informed of its purpose. Individuals who had undergone foot, ankle, knee, or back surgeries, had experienced waist deformation or pain, wearing HEIs, or had problems with gait patterns were excluded from the experiment. All the subjects were randomly divided into three groups based on the insole heights. Each group consisted of 10 young adults (7 male, 3 female subjects). The procedures of this study were approved by the Research Ethics Committee of the Kaya University (approval number: 201701 92).
HEIs and shoes
The HEIs used in this experiment were purchased in the market. Participants were inserted the HEIs (whose heights were 0 cm, 3 cm, and 7 cm; Fig. 1 ) into shoes for this experiment. Because shoe size can affect gait and the muscular activities of the lower limbs (Kim, 2008) , all subjects wore shoes that fit their foot size. Shoes with rocker type outsoles were excluded because of their effect on gait (Lin et al., 2013) .
Electromyography
Surface electromyography (EMG) (Free EMG 300, BTS Bioengineering, Garbagnate Milanese, Italy) was used to measure the muscular activities. Surface electrodes were attached to the TA, the GN, and the biceps femoris (BF) of the dominant leg, and to the left and right side of the erector spinae (ES). The EMG signals were sampled with a 1,000 Hz frequency. The data obtained were computerized with the EMG acquisition software (BTS, BTS Bioengineering S.p.A.. Milano, Italy). The skin was prepared for EMG measurement by cleaning the electrode site with alcohol. Three surface electrodes were placed on the dominant right side over the belly of the TA, GN, and BF in the positions outlined by the SENIAM (surface EMG for a noninvasive assessment of muscles) guidelines (Hermens et al., 2000) . ES was placed 3 cm lateral to the L4 spinous process, and another directly above it on the right and left side (Barton et al., 2009) . To standardize the muscular activities, reference voluntary isometric contraction was measured, which was set on the basis of the activity of each muscle while a subject walked barefoot for a designated distance.
Gait analysis system
To analyze the subjects' gait patterns, the GAITRite system (GAITRITE, CIR Systems Inc., Sparta, NJ, USA) was used to measure their step length, stride length, and cadence. When an investigator said, "Please walk as usual," a subject (either barefoot or wearing the HEI-inserted shoes) walked a distance of 2 m for measurement.
Perceived comfort
The visual analogue scale (VAS) is a reliable measure for assessing footwear comfort (Mündermann et al., 2002) . The VAS has been used to rate footwear comfort in previous studies (Lee and Hong, 2005; Mündermann et al., 2002) . The scale ranges from 0 (not comfortable at all) to 10 (the most comfortable condition imaginable). Perceived comfort was measured after a subject wore the insoles for 4 hr.
Procedure
After wearing the shoes with the HEIs for 4 hr for adaptation, the subjects performed controlled activities in a designated place, and then were measured their gait pattern, the muscular activities of the lower limb and the lumbar spine, and perceived comfort. The subjects were asked to walk a distance of 2 m in their usual manner and then on the gait analysis system. All measurements were conducted three times, and the mean values of the three were analyzed.
Statistical analysis
One-way analysis of variance was performed to analyze the muscular activities and gait patterns according to the HEIs heights. Tukey multiple comparison analysis was used as a post hoc test. IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was used for the statistical analyses. The significance level (α) was set at 0.05. 
RESULTS
No significant differences were found among the three groups in terms of mean age, height, weight, and body mass index (Table 1 ). The present study was investigated activities of the TA, the GN, the BF, and the right and the left ES before and after walking with the HEIs (Table 2 ). The activity of the left ES was significantly different between groups 1 (0 cm) and 2 (3 cm) and groups 1 and 3 (7 cm) (Fig. 2) . The activity of the right ES was significantly different between groups 1 and 3 (Fig. 2) .
In terms of stride length (the right and the left), step length (the right and the left), and cadence during walking before and after wearing the HEI-inserted shoes, the left stride length and the left step length showed significant differences between groups 1 and 3 (Table 3 , Fig. 3 ). The VAS scores were significantly different among all three groups (Table 4 , Fig. 4 ).
DISCUSSION
In this study, the activities of the left and right ES significantly increased during walking with higher HEIs. Other studies have found that the activities of ES generally increase as shoe heels become higher (Barton et al., 2009; Lee et al., 2001) . The activities of the ES increase more as cadence increases more, or as high heels become higher regardless of cadence (Nam et al., 2014) . It has been reported that wearing heels of 6 cm resulted in significantly more fatigue in the ES than lower heels. These results may mean increasing the likelihood of LBP. In the current study, the activities of the ES also increased when the 7 cm HEIs were worn. If young adults wear 7-cm HEIs for a long time, this may cause LBP because prolonged ES activity can increase the muscle fatigue. Some previous studies have suggested that the force spike of high heels in initial contact with the ground is likely to cause LBP (Kerrigan et al., 1998; Voloshin and Loy, 1994) . However, this hypothesis could not be verified in this study because the 
0 cm 3 cm 7 cm VAS * * * subjects wore insoles whose contact areas were larger than those of high heels and we did not measure their force in initial contact.
The activities of the lower limb muscles in this study decreased more as the HEIs became higher, without significant differences. This result was not consistent with that of previous studies on high heels (Cronin et al., 2012; Simonsen et al., 2012; Stefanyshyn et al., 2000) , an inconsistency that could be caused by differences in the research subjects and methods. Although the previous studies measured the muscular activities of those who had worn high heels for a long time, in this study we measured the activities after four hours of wearing the HEIs. Because the subjects in this study had not experienced HEIs before, the four hours of wearing the HEIs may have increased fatigue in the lower limbs and the muscular activities decreased, unlike the previous studies. As increased fatigue in leg muscles, the demand for posture control of the lumbopelvic region may be increased by the forward and upward movement of the body's center of mass (COM) (Lee et al., 2001; Park et al., 2013) , and then it may be increased the activities of the ES. Increased lordosis due to excessive activities of the ES may accompany changes in the muscle-tendon properties, inducing potential increases in muscular fatigue and back pain (Cronin, 2014) . In addition, long-term use of high insoles may induce excessive energy consumption and circulatory disturbances, leading to chronic LBP. Yang et al. (2013) reported that higher insoles decreased the step length of the left foot significantly, while Park et al. (2013) argued that stride length was significantly decreased more by wearing high heels than by flat shoes. In the current study as well, as the HEIs became higher, not only the left step length but also the left stride length decreased significantly. Midstance is when the body's COM is highest, with the GN and the soleus activated (Neumann, 2016) . In this study, when the HEIs were higher, the muscular activities of the lower limbs were lower, leading to an unstable mid-stance, which can increase activities of the ES due to the fluctuation of the body's COM. This process can cause significant changes in the step length and stride length of the left leg as the nondominant side during the midstance of the dominant leg; it can similarly affect the step length and stride length of the right leg as the dominant side during the midstance of the nondominant leg, though no statistical difference was shown in the current study. A previous study reported that no significant differences were observed in the step length or stride length according to insoles heights (Lee, 2014) . This result that could be caused by the fact that the insoles used in Lee's study were not greatly different in height (0, 2, 3, and 5 cm). Other previous studies (Park et al., 2013; Yang et al., 2013) , as well as this study, used the maximum height available for high heels or insoles over 7 cm.
The VAS is a reliable tool for evaluating footwear comfort, with which we measured the perceived comfort of the subjects according to insole heights. The higher the HEIs, the less the comfort. If discomfort due to insoles persists, it may lead to deformed feet, an increase in the peak pressure on the forefoot, a shortening of the Achilles tendon, and plantar fasciitis (Cronin, 2014; Ebbeling et al., 1994; Lee and Hong, 2005) . Further studies are needed to determine any further effects of shoe inserts to prevent these problems.
As the HEIs increased, the activities of ES were gradually increased and the left step length and stride were decreased. Using of higher HEIs over 4 hr may be occurred excessive activities of the ES, abnormal gait patterns, and perceived discomfort.
